The relationship between multilocus heterozygosity at protein loci and two fitness traits, growth rate and viability, has been investigated in the European oyster, Ostrea edulis L. A cohort of individuals of the same age was sampled at two times when they were 18 and 30 months old. Weight and genotype for five polymorphic enzyme loci were determined for individuals of these two samples. A positive correlation between growth rate (measured as weight at a specific age) and multilocus heterozygosity is detected in the two age classes. The correlation is statistically significant for the 30-month-old oysters, in which heterozygosity explains about 2 per cent of the variability in growth rate among individuals. This value is very similar to those reported in several marine molluscs, as the American oyster, C'rassostrea virginica and the mussel Ps'Iytilus edulis (Koehn and Gaffney, 1984) , and other species.
INTRODUCTION
In recent years, experimental studies have demonstrated the existence of a relationship between multilocus heterozygosity at electrophoretically detectable enzyme loci and fitness traits in many natural populations. This phenomenon is not universal, but is frequently found in outbreeding species for traits as developmental stability, survival and, especially, growth rate (see Mitton and the mussel Mytilus edulis (Koehn and Gafiney, 1984; Diehl and Koehn, 1985; Rodhouse et a!., 1986) , the clams Mulinia lateralis (Garton et a!., 1984; Koehn et a!., 1988) and Macoma ba!thica (Green et a!., 1983) , and the scallop Placopecten magellanicus (Foltz and Zouros, 1984) . The present paper is an attempt to relate multilocus heterozygosity at allozyme loci with fitness in the European or flat oyster Ostrea edulis L, a species of marine mollusc in which this relationship has not previously been investigated. The European oyster is a species living on the Atlantic coasts of Europe and the Mediterranean Sea, and with a mode of reproduction (the female broods the larvae) different from the bivalves that have been studied previously.
Our work with 0. edulis concerns two relevant traits related to fitness: growth rate and viability.
Growth rate is the character most frequently studied in connection with allozyme heterozygosity, and previous investigations include a variety of animal and plant species (see Mitton and Grant, 1984, and Foltz, 1987) . On the other hand, the study of viability with respect to multilocus heterozygosity for protein loci has received comparatively little attention. Studies on viability are mainly concerned with bivalve species, although other organisms including fishes and plants have also been studied. Thus, allozyme heterozygosity increases with age in cohorts (groups of individuals of same age) of C. virginica and M. edulis (Diehi and Koehn, 1985) . A positive association between heterozygosity and age has been reported for the scallop P. magellanicus (Foltz and Zouros, 1984) and the clam M. baithica (Green et al., 1983) , two bivalve species in which the age of individuals can be directly determined by counting annual growth rings. Allozyme heterozygosity correlates with age in the marine fish Fundulus heteroclitus (Mitton and Koehn, 1975) and in the plaice Pleuronectes platessa (Beardmore and Ward, 1977) . In plants, a correlation between heterozygosity for protein polymorphisms and age has been found in a study of Liatris cylindracea (Schaal and Levin, 1976) . On the other hand, no evidence for a heterozygosityviability correlation has been observed in Drosophila melanogaster (Mukai et a!., 1974) .
It is well-known that heterozygosity for a small number of allozyme loci explains about 4 per cent of the variation in growth rate among individuals of various species Foltz et al., 1983; Koehn and Gafiney, 1984; Bush eta!., 1987). In contrast, it is worthy to underline that the strength of the association between allozyme heterozygosity and viability is to date completely unknown (see Zouros and Foltz, 1987) . Most studies relating viability to allozyme heterozygosity describe this association by means of statistics that do not properly quantify viability. In the majority of cases, the phenomenon is characterized by means of a statistical correlation between heterozygosity and age (Mitton and Koehn, 1975; Schaal and Levin, 1976; Beardmore and Ward, 1977; Green et a!., 1983; Foltz and Zouros, 1984) , or by comparing the frequency distributions of heterozygosity classes in cohorts of different age (Diehl and Koehn, 1985) . In some case, viability has been quantified (Zouros eta!., 1983) but the indices used do not measure viability as probability of survival of genotypes.
It is clear that the association between viability and allozyme heterozygosity must be quantified by measuring viability in terms of adaptive or fitness values. It follows that an estimation of viability fitnesses for individuals differing in their degree of multilocus heterozygosity must be carried out.
This approach is attempted in this paper for 0.
edulis, along with reanalysis of published data on two other marine molluscs, the American oyster, C. virginica, and the mussel M. edu!is. Large differences in estimates of viability and selection coefficients among allozyme heterozygosity classes are discovered in the three species. Moreover, the magnitude of the association of allozyme heterozygosity with viability appears to be higher than that found for growth rate. These results are relevant to the genetic mechanism underlying the heterozygosity-fitness correlation.
MATERIALS AND METHODS
To investigate the relationship between multilocus heterozygosity at electrophoretic loci and growth rate and viability in the species Ostrea edulis L., a cohort of individuals of the same age was produced. This consisted of about 15,000 individuals which were the offspring of 60 parents coming from a population located at the Ria de Ortigueira (NW Spain). In June, 1983, these parental oysters were used to produce larvae by means of the standard hatchery techniques of "mass spawnings". The larvae were obtained during a period of seven days, and were reared to spat (settling larvae) in laboratory tanks under hatchery conditions. The oysters were provided with a continuous flow of filtered sea water and fed with cultured phytoplankton. In February, 1984, spats were transferred to plastic floating trays placed in an intertidal farming bed at the Ria de Ortigueira, and were allowed to grow under outdoor farming conditions.
Sampling the cohort and electropheretic analysis Two random samples of more than four hundred individuals were taken from the cohort when oysters were approximately 18 and 30 months old. Individuals from both of these samples were cleaned, dried of excess water and weighed. The age-specific weight is used in this study as a measure of the individual growth rate. Then, individuals were sacrificed and the soft tissue was removed and placed in vials, which were quickly frozen at -40°C, where they stayed until used for electrophoresis. For each individual, the genotype at five polymorphic allozyme loci was determined by horizontal starch-gel electrophoresis, as described by Saavedra et al., (1987) . The five enzymes are: Esterase (EST, EC 3.1.1.1.), isocitrate dehydrogenase (IDH, EC 1.1.1.42), malate dehydrogenase (MDH, EC 1.1.1.37), phosphoglucose isomerase (PGI, EC 5.3.1.9.) and phosphoglucomutase (PGM, EC 2.7.5.1.). The nomenclature for the electromorphs of the loci coding the enzymes is according to Saavedra et a!. (1987) .
Statistical methods
Genetic variability at single loci is measured as the expected heterozygosity, or gene diversity, defined as h = 1 -x where x, denotes the frequency of the ith allele (Nei, 1975) . For a single locus, an unbiased estimate of gene diversity is given by h = 2n(1 -x)/(2n -1) (Nei, 1978) , which is used in this paper. The genetic variability of the population is measured by the average heterozygosity per locus. Departures from Hardy-Weinberg proportions can be measured by means of several statistics (Li and Horvitz, 1953) . We have used an f statistic that has been recently developed by Robertson and Hill (1984) , which measures Hardy-Weinberg deviations in terms of homozygote excess and has several interesting statistical and genetic properties. In large samples, the variance of the estimate of f is 1/(N(k-1)), where N is the sample size and k the number of alleles. This estimate of f can be computed for different alleles at the same locus and, in addition, has a test of significance for f= 0 that posses a higher statistical power than the usual chi-square test (Robertson and Hill, 1984) .
Estimation of relative viability of genotypes is usually done by means of the cross-product ratio estimator (Cook, 1971; Anxolabéhère et a!., 1982; Alvarez et a!., 1984; Connolly and Gliddon, 1984) . This type of estimator measures viability selection in a proper way since it does not produce fitness estimates that present spurious frequency-dependent patterns (Alvarez et a!., 1984) . The measurement of viability fitness requires taking two samples of the population at consecutive stages of the life cycle (1 and 2). Thus, if nl, and n21 are the numbers of individuals of the ith genotype in samples 1 and 2, respectively, and nl and n23 are the numbers of the jth genotype in samples I and 2, the estimate of viability of the i genotype relative to the j genotype is = (n2/ n21)( n11/ n ). This is a general expression for the estimation of the relative viability valid for multiallelic loci, and also for multilocus genotypes. Moreover, in the above expression i and j can be also genotypic classes composed of several different genotypes. For example, I andj can be heterozygosity classes constituted by genotypes differing in the number of heterozygous loci per individual. The only problem with this estimator of relative viability is the occurrence of a statistical bias, especially for low gene frequencies (Anxolabéhère et a!., 1982; Connolly and Gliddon, 1984) , but this bias is negligible in comparison with the large variances associated to these estimators (Connolly and Gliddon, 1984) .
The variance of the viability estimator can be obtained assuming that the two samples are independent, as has been suggested by Connolly and Gliddon (1984) . In this case, the problem reduces to an evaluation of the variances of the ratios of terms of a multinomial distribution. The explicit expression for the asymptotic sampling variance of a cross-product ratio estimate has not been given by Connolly and Gliddon (1984) , but, in large samples, it can be easily obtained by using "delta methods" (Elandt-Johnson, 1971 ). This expression is as follows:
Standard statistical procedures used in the analysis of data follow those of Sokal and Rohlf (1981) and were performed using the SPSS and BIOM statistical packages. O23, respectively).
RESULTS

Weight distributions of the cohort
Genetic structure of the cohort Single-locus statistical analyses for the five poiymorphic allozyme loci are shown in tables 1 and 2. The mean heterozygosities per locus were 0219±0081 and 0182±0087 at the 18 and 30-month-old oysters, respectively. These values are slightly less than the heterozygosity for the same loci in the natural population of oyster located at the Ria de Ortigueira. The average heterozygosity of this parental population was 0231±0087 (data from Saavedra et a!., 1987) . Therefore, the cohort presents an average heterozygosity that is 79-95 per cent of the heterozygosity of the natural population and this reduction of genetic variability could be due to a "founder effect". Under neutral conditions, the outcome of a "founder effect" on the heterozygosity is given by the expression H, =
, where H0 and H, are the heterozygosities in the origin and in the time t, and N is the population size (Crow and Kimura, 1970) . According to this e.xpression, a reduction of heterozygosity similar to that observed in the cohort (5-21 per cent) would correspond to an effective number of individuals between two and ten. The "founder effect" could be produced when the larvae were originated in the hatchery. The cohort was obtained from 60 parental adult oysters which produced a population of about 5 x 106 larvae. The fertility of 0. edulis can vary widely (Millar, 1961; Walne, 1964; Roman, 1987) , but a production of 5 x 106 larvae could correspond to the spawning of only 3-5 females (6-10 parents, and these values are very close to those estimated from the reduction of heterozygosity.
Departures from Hardy-Weinberg proportions at the allozyme loci were detected by means of the f statistic and the chi-square test (table 1) . Statistically significant deviations from Hardy-Weinberg expectations are confined to the 18-month-old oyster sample, and they occur at four of the five loci Pgi, Pgi'n) . This suggests that they are generated either at the time of fertilization, during the planktonic stage or at the earlier postsettlement stage. Two loci, Est-3 and Pgm, show a heterozygote excess, while the others present strong heterozygote deficiencies. The heterozygote excess of the Est-3 locus is due to the absence of Est-3'/Est-31 homozygote a phenomenon noticed by Wilkins and Mathers (1973) in Irish and Saavedra et al. (1987) in Spanish populations. The heterozygote excess at the Pgm locus could be originated either by different allelic frequencies between males and females, a very probable situation given the "founder effect" occurring in the foundation of the cohort, or viability selection. The heterozygote deficiencies at Md/i-i and Pgi loci could be explained, at first, in terms of inbreeding, null alleles, Wahlund effect or selection. Zouros and Foltz (1984a, b) have deeply discussed the heterozygote deficiency in bivalve molluscs where it is a very usual phenomenon. The heterogeneity of the heterozygote deficiencies among loci argues against a simple inbreeding hypothesis (consanguineous matings within the parental population), while the Wahiund effect can be discarded given that the loci with higher geographic genetic differentiation do not seem to present higher heterozygote deficiencies (Zouros and Foltz, 1984a, b; Saavedra et a!. 1987) . This leaves natural selection as the most likely agent promoting the heterozygote deficiencies, either through viability selection or subdivision generated by the occur- and W are the viabilities corresponding to the genotypes A1A1, A1A2 and A2A2, respectively (Lewontin and Cockerham, 1959; Li, 1959; Workman, 1969) . When W1 x W3 < W a heterozygote excess will be present, while if W1 x W3> W there will be a deficiency of heterozygotes. This result is very similar to those found in C.
virginica , and in the mussel M. edulis (Koehn and Gaffney, 1984 The contribution of individual loci to the heterozygosity-growth correlation can be studied by computing the observed heterozygosity within each of the weight classes for each locus (table 3) .
For each one of the five loci there is a positive correlation between the observed heterozygosity and growth rate in the 18-month-old oysters. Both Mdh-1 and Idh-2 loci present a strong and statistically significant correlation (r =0947, P <001, and r=0942, P<001, respectively). Pgm, Pgi and Est-3 present non-statistically significant correlations (r=0581, r=0l91 and r=0059, respectively, P> 0.05). In the sample of 30-monthold oysters, all the studied loci but Pgm (r = -0048, P>005) present a positive heterozygosity-growth correlation. Both Idh-2 and Est-3 are the loci that show the strongest correlation (r = 0916, P<001, and r=0803, P<005, respectively). Pgi and Mdh-1 do not display a statistically 
Estimation of postsettlement relative viabilities for individuals differing in their degree of allozyme heterozygosity was also carried out in other species of marine molluscs such as C. virginica and M. edulis from published data (table 4). We have computed these fitness estimates by means of the cross-product ratio estimator and their standard errors are based on the asymptotic sampling variances. In this context, it should be pointed out that the viability index employed by Zouros eta!. (1983) for estimating postsettlement viability in C. virginica is not appropriate for measuring survival quantitatively. This index measures the viability of the ith genotype as V, = (n2, -n1,)/(n1). Hence, it is not appropriate for measuring viability as probability of survival or fitness since it really measures the ratio of the relative viability to the mean fitness minus one (V = W'J W-1). In table 4 the cross-product ratio viability estimates in C. virginica are computed from the frequency distributions of heterozygosity classes given by which include the leucine aminopeptidase-2 (Lap-2), phosphoglucose isomerase (Pgi) and phosphoglucomutase (Pgm) loci for the 3-week and 2-month-old age classes from the Prince Edward Island population and the glutamate oxaloacetate transaminase (Got-i), esterase-3 (Est-3), Lap-2 and Pgi loci for the 1-year-, 2-yearand 3-year-old cohorts from Cape Breton. Postsettlement viabilities include the periods: 3-weeks to 2-months, 2-months to 1-year, 1-year to 2-years, and 2-years to 3-years In M. edulis viability fitnesses are estimated from heterozygosity distributions shown graphically in fig. 4 of Diehi and Koehn (1985) , and therefore they are approximate values which are given without standard errors in table 4. The loci used in the study of M. edulis are aminopeptidase-I (Lap), octopine dehydrogenase (Odh), leucyl-alanyl dipeptide hydrolase (Ap), Pgm and Pgi (Diehi and Koehn, 1985) .
In the three species, 0. edulis, C. virgin ica and lv!. edulis, a clear correlation between viability and allozyme heterozygosity is observed (table 4) . Moreover, the existence of important viability differences associated with allozyme heterozygosity is apparent. In 0. edulis, the correlation is negative, but in the two populations of C. virginica and the mussel M. edulis the correlations are always positive and more heterozygous individuals enjoy a greater relative viability. The estimates of the correlation coefficients are always large, although in some cases they are not statistically significant due to the few degrees of freedom of the tests (r = -0998, df= 1, P = 0.04 for 0. edulis; r=0986, df= 1, P=011 for the Prince Edward Island population and r=0990. df=2, P=0.0l for the Cape Breton population of C. virginica; r=0772, df=3, P=0'12 for M. edulis). The fitness estimates for postsettlement viability have large variances and this reduces the statistical power to detect significant differences. Thus, taking lW -i> (2 standard errors) as the criterion for significance at the 005 level, the majority of the heterozygosity classes present viability estimates not significantly different from 1. However, the fitness estimates are very large, so that the averages of the estimates of the heterozyges are statistically different from 1 in the great majority of cases (7 out of 8 cases). In the American oyster the heterozygous individuals attain a mean viability of 268±067 (mean± empirical error) for the period of three weeks to one year for Prince Edward Island population, and 235±038 from one year to three years in Cape Rreton population. In M.
edulis the mean viability of heterozygotes is 2 19 0•47 from two months to eight months. In terms of selection coefficients against the less fit individuals relative to the more fit ones, the estimates range from 028 to 071 with an average selection coefficient of 049±012 (mean± empirical error) for the European oyster (note that in this case the homozygotes are the more fit individuals). In the American oyster, estimates of selection coefficients range from 022 to 073 with a mean of 052±016 for the period three-weeks to one-year and 025 to 070 with a mean of 047± 0l0 for the period one-year to three-years. In the mussel M. edulis, selection coefficients range from 047 to 075 with a mean value of 0'60±005.
DISCUSSION
In the studied cohort of 0. edulis, a relationship between growth rate and multilocus heterozygosity for five polymorphic enzyme loci is detected. This relationship is manifested by a positive heterozygosity-growth correlation increasing with the age of individuals. So, this correlation is statistically non significant for younger oysters (18-month age class) but clearly significant for 30-month-old oysters. Heterozygosity at electrophoretic loci explains about the 2 per cent of the variation in weight among 30-month-old individuals. This value is slightly less than those reported by for the American oyster, C. virginica, and Koehn and Gaffney (1984) for the mussel M.
edulis.
The incidence of those factors determining the genetic structure of the cohort on the correlation detected in 0. edulis deserves consideration. Thus, inbreeding can cause or enhance the heterozygosity-fitness correlation (Strauss, 1986) , while "founder effects" can obscure it (Gaffney and Scott, 1984) . In addition, it has been suggested that inbreeding could be responsible for the heterozygosity-fitness correlations in those species in which deficiencies of heterozygotes in relation to HardyWeinberg expectations are observed (Strauss, 1986) . Deficiencies of heterozygotes occur in the American oyster and the mussel M. edulis (Gartner-Kepkay et al., 1980 Zouros and Foltz, 1984a, b) , as well as in 0. edulis. However, it is not likely that the deficiencies of heterozygotes noticed in marine molluscs are a consequence of a consanguineous breeding structure as marine molluscs, including 0. edulis, have pelagically dispersed larvae (see Zouros and Foltz, 1984a, b) . Moreover, the departures from Hardy-Weinberg proportions among loci are very heterogeneous in sign and magnitude in 0. edulis contrarily to the expectations under a consanguineous breeding structure. Consequently, it appears that the correlation between growth rate and heterozygosity detected in 0. edulis is not due to consanguineous matings occurring in populations of this species.
"Founder effects" could also affect the heterozygosity-fitness correlation detected in 0. edulis. In fact, several studies of marine molluscs conducted with individuals from a limited number of parents have failed to show any effect of heterozygosity on growth rate (Beaumont et a!., 1983, with M. edulis; Adamkewicz eta!., 1984, with Mercenaria mercenaria; Gaffney and Scott, 1984, with M. lateralis, C virginica and Spisu!a solidissima), an outcome attributed to founder events (Gaffney and Scott, 1984; Koehn and Gafiney, 1984) . The cohort of 0. edulis studied here was a cultured population in which a "founder effect" was detected through a reduction at the allozyme heterozygosity in relation to the parental population and it was probably caused when larvae were produced in the hatchery. However, in our case, the "founder effect" must have a minor effect on the heterozygosity-growth relationship given that a correlation was indeed detected. In the light of the studies cited above, if the "founder effect" had an influence on the correlation detected in the cohort this would be in the sense of underestimating the correlation occurring in the natural population.
In the present paper, both growth rate and viability are jointly studied in the 0. edulis cohort and an estimation of viability fitnesses has been carried out. To date, only a few studies have investigated the relationship between viability and multilocus allozyme heterozygosity and, in most cases, estimation of viability fitnesses for individuals differing in their degree of heterozygosity has not been carried out (see Introduction). In 0. edulis, fitness estimation for postsettlement viabilities shows as differences in fitness among multilocus allozyme genotypes can be detected due to a cumulative effect of the loci. In this case, a strong negative correlation between heterozygosity and viability is detected. More heterozygous oysters present a lower viability and large differences in fitness estimates are observed (the mean viability of heterozygote oysters for 1, 2 and 3 loci is 051 0.12). This negative correlation between viability and heterozygosity is an unexpected result that must be interpreted with caution. It could be related to the high mortalities occurring in the natural populations of European oyster located on the coasts of the NW of Spain. Actually, it is not completely known what is the cause of these mortalities but it seems clear that several parasites such as the haplosporidium Bonamia ostreae are involved (Montes et a!., 1988) . In the studied cohort 57 per cent of the individuals died during the interval in which the oysters were growing from 18 to 30-month-age and the occurrence of B. ostreae was detected. Empirical observations point out that the heavier oysters present an increased mortality and it is probably due to a preference of the parasites for these individuals (Guerra and Montes, personal communication). Therefore, the observed negative correlation between viability and heterozygosity could be due to a positive association between infestation and weight.
The correlations between multilocus heterozygosity and survival observed in C. virginica and M. edulis (Diehi and Koehn, 1985) have been also quantified in this paper in terms of Darwinian fitness by means of the estimation of the postsettlement viabilities for individuals differing in their degree of allozyme heterozygosity (table 4) . The important subject to take into consideration is that, although the estimates of viability present large variances, a cumulative effect of allozyme heterozygosity on viability is detected and important selective differences appear to be associated to allozyme heterozygosity (the average viability of heterozygotes at one or more loci is 051 012 in 0. edu!is, 2'68 for the period of three-weeks to one-year and 235 038 from one-year to three-years for the Prince Edward Island and the Cape Breton populations, respectively, in C. virginica, and 219±047 from two-months to eight-months in M. edulis). In terms of selection coefficients against the less fit individuals the average selective coefficients are 0'49±012 for 0. edulis,O52±016andO47±O1O for the Prince Edward and the Cape Breton populations of C. virginica, and 060± 0.05 for M. edulis. Therefore, the estimation of viability fitnesses shows that the correlation between heterozygosity and viability is established through large selective differences. These differences are still more impressive if it is considered that they correspond to heterozygosities at only 3-5 allozyme loci. It would be very interesting to know whether we are dealing with a general phenomenon or a particular situation restricted to the studied bivalves. In species where a correlation between heterozygosity and age has been detected as the scallop P. magellanicus (Foltz and Zouros, 1984) , the clam M. baithica (Green et a!., 1983) , the marine fish F.
heteroclitus (Mitton and Koehn, 1975) , the plaice P. platessa (Beardmore and Ward, 1977) and the perennial herb L. cylindracea (Schaal and Levin, 1976 ) is not known whether this correlation is established through large selective differences in viability such as those reported in this study. Consequently, at this moment the generality of our findings remains to be determined.
From another perspective, the results presented in this paper suggest that the nature of the heterozygosity-fitness correlation might be very different according to the fitness trait considered. In the three species in this study, 0. edulis, C. virgin ica and M. edulis, the magnitude of the relationship between heterozygosity and viability clearly appears to be higher than that corresponding to the relationship between heterozygosity and growth rate. Our results with 0. edulis and those of Zouros eta!. (1980) with C. virginica and with M. edulis show that in these species allozyme heterozygosity explains 2-4 per cent of the variability in growth rate among individuals, while the estimation of viability fitness for heterozygosity classes carried out in this paper shows that the heterozygosity is associated with large differences in postsettlement viability in the three species of bivalves. This tontrast between viability and growth rate could be relevant in connection with the genetic mechanism underlying the heterozygosity-fitness relationship.
To date, three main hypotheses have been advanced to explain the heterozygosity-fitness correlation (see Ledig et a!., 1983; Mitton and Grant, 1984; Mallet et a!., 1986; Smouse, 1986; Bush et a!., 1987; Zouros and Foltz, 1987; Koehn et a!., 1988; Zouros et a!., 1988) . The overdominance hypothesis supposes that allozyme loci have themselves a direct effect on fitness. Alternatively, electrophoretic loci could be neutral genes in gametic disequilibrium with closely linked selective loci (associative overdominance hypothesis) or neutral markers of the degree of genomic heterozygosity (inbreeding depression hypothesis). The overdominance hypothesis is partially supported by experiments that show an inverse relationship between allozyme heterozygosity and the energetic costs of metabolism measured by standard rates of oxygen consumption in species as C. virginica and M. !ateralis (Koehn and Shumway, 1982; Oarton eta!., 1984) . Recently, Koehn eta!. (1988) have demonstrated that a particular physiological category of loci, as those determining enzymes involved in protein catabolism and glycolysis, presents the highest correlations with growth rate in M. !atera!is. On this basis, Koehn eta!. (1988) have claimed that allozyme heterozygosity directly affects growth rate, and, evidently, it is likely that a small number of allozyme loci may produce an effect of about 4 per cent of the variation in growth rate. However, it is necessary to underline that it is not conceivable for a small number of allozyme loci to produce selective differences in viability such as those reported in this paper for the three species of bivalves studied. Obviously, a heterozygosity-viability correlation associated to mean selection coefficients in survival in a range close to 050 cannot be produced by a few allozymes and, consequently, loci other than the monitored allozymes must be contributing to this correlation. Therefore, a simple overdominance hypothesis of the monitored allozyme loci can be ruled out and other mechanisms such as associative overdominance must be invoked to explain the heterozygosity-viability correlation. The rationale of this explanation is not in contradiction with the experimental evidence derived from the investigations with growth rate, since allozymes may themselves be responsible for differences in developmental rate and, however, they might serve as genetic markers in relation to viability. Growth rate and viability are two different traits that could be controlled by different sets of genes by which the possibility of different genetic mechanisms for the correlations of allozyme heterozygosity with viability and growth could be a likely explanation.
Finally, it is necessary to point out that our results do not exclude that the monitored allozymes affect viability, hut they suggest that the observed effects on viability are mainly due to other loci. The possible effect of allozymes on viability is an open question that must be answered by means of new experimental approaches. In this sense, a combined study of both growth rate and viability for a large number of polymorphic enzymes belonging to different physiological and biochemical categories could shed light on this subject.
